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Abstract 
During the last four decades, the research group led by Alessandro Santini, at the Department of Agriculture, 
University of Naples Federico II - Italy, has provided the scientific community with relevant contributions to various 
fields of hydraulic engineering for agriculture, irrigation and drainage, and agricultural water management. The 
research activity being carried out by the various units of this group involves the following major topics: 
- modeling and monitoring water use for irrigation;  
- soil hydrology; 
- solute transport in soil and reusing marginal water in irrigation. 
This paper summarizes some of the contributions of this research group and addresses their major impacts. 
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1. Introduction 
Since the early 60’s, the Agricultural Hydraulics group of the University of Naples Federico II has 
carried innovative research in Southern Italy on the analysis of hydraulic and hydrological processes in 
agricultural systems, ranging from the water and transport flows in the soil-plant-atmosphere continuum 
to the study of transient conditions in irrigation conveyance and distribution networks. In the initial phase, 
these studies were solicited by the rehabilitation of irrigation systems in Southern Italy, where obsolete 
open-channel schemes were progressively converted into pressurized pipeline networks. This 
modernization of distribution networks contributed to the improvement of the overall efficiency of the 
irrigation systems in our country, with tangible benefits for crop production and water conservation and a 
deep transformation of the traditional rural economy into a highly specialized, profit-making agriculture 
[1]. During recent years, these areas have experienced an increase in the demand of water for civil and 
industrial use and a contemporary reduction of water availability for agriculture. Therefore, research 
carried out in Portici has been more and more focused on different issues related to the improvement of 
irrigation efficiency, thus contributing to the advancement of knowledge in three main research areas: i) 
modeling and monitoring water use for irrigation; ii) soil hydrology, and iii) solute transport in soil and 
reusing marginal water in irrigation.   
This paper aims to highlight to a broad scientific audience the main achievements - in the field of 
agricultural hydraulics - obtained by the group of researchers and scientists in Portici, initiated by Prof. 
Roberto Carravetta and strongly developed and consolidated under the outstanding guidance of Prof. 
Emeritus Alessandro Santini in more than forty years of continuous enthusiastic activity. 
2. Modeling and monitoring water use for irrigation  
2.1. Water flow in soil and modeling Soil-Plant-Atmosphere (SPA) continuum 
First studies dealing with soil physics were essentially devoted to solve agricultural problems. They 
were almost exclusively investigations to obtain information on soil chemical and mechanical 
characteristics specifically related to plant growth, as well as on some soil properties such as capillary 
rise, soil constants and equilibrium points [2]. Early applications of soil water theory to field-scale 
situations were mainly directed towards the characterization of the way in which water is held in the soil, 
using a static view rather than accounting for the dynamics involved and the actual relationships among 
the various variables [3, 4]. After the study by Buckingham [5], who was probably the first to apply a 
nonlinear diffusion equation for water flow in an unsaturated soil, albeit he was rather skeptical on its 
solvability, the seminal work by L.A. Richards [6] opened new horizons on soil physics research, in terms 
of both modeling flow processes and measuring relevant variables (basically, the soil water potential). 
A step forward was also done with through analysis on root water uptake and the effect exerted by 
local atmospheric conditions. Following a macroscopic approach, the partial differential equation 
governing the water transport in the soil-plant-atmosphere system can be written as follows [7, 8, 9]: 
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where t is time, z is soil depth (taken as downwards positive from the soil surface), h is matric pressure 
head, and K(θ) denotes the hydraulic conductivity function. Santini’s model “POLICORO” in 1992 [8] 
describes the water uptake by plant roots by adding a sink term, Sw, to the Richards equation. The 
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Penman-Monteith [10] and Ritchie [11] relationships are adopted to evaluate water loss by 
evapotranspiration. Internal plant storage and stomatal response to environmental conditions are also 
considered. The extraction term, Sw, depends on the water potential at the plant crown and the resistance 
to water flow in the soil toward the roots and within the roots. These two resistances are related to the soil 
water content in close proximity of the roots (rhizosphere), the contact between the roots and soil 
particles, the root morphology, and the age of the roots. The model neglects water potential differences 
among the leaves by assuming only a single value for the leaf water potential, but it considers changes in 
stored water volume within the plants over time. In the Penman-Monteith equation, the water diffusion 
resistance of the canopy as a whole is computed using an empirical relation between the stomatal 
response to the major environmental and physiological parameters. The conductance in the leaf is 
calculated as the sum of the cuticular and stomatal conductances. The model keeps the cuticular 
conductance constant for each crop. In non-limiting water conditions, the stomatal conductance is related 
only to the global radiation. When conditions of water stress occur, the stomatal conductance is reduced 
by using a multiplication factor that depends on crop type and a threshold value of the water potential. 
Partitioning of evapotranspiration into soil evaporation and plant transpiration is carried out according to 
the method proposed by Ritchie [11]. The mathematical algorithm developed by Santini has been then 
updated and upgraded by Romano and Brunone to efficiently account for layered soil profiles [12,13].  
2.2. Sustainable use of water in agriculture - Remote sensing 
The major constraints for the regional application of dynamic models of soil water flow are concerning 
the definition of upper and lower boundary conditions and the soil hydraulic functions describing the 
mechanisms of water retention and unsaturated conductivity. Since the late '90s studies have been carried 
out in Portici by D’Urso and collaborators for developing Earth Observation techniques for the definition 
of spatial and temporal variability of upper boundary condition [14, 15]. The methodologies have been 
applied to irrigated flat areas, where the soil water dynamics is essentially determined by irrigation and 
little influence from the groundwater circulation. In such system, it has been possible to assume that 
unsaturated soil water flow is mainly one-dimensional, with the distribution of soil water content mainly 
influenced by the vegetation cover, which characterizes the upper boundary, and to a minor extent by the 
interaction with the groundwater circulation, on the lower boundary. In general, the upper boundary 
condition is based on the maximum fluxes of evaporation from soil, Es,p, and transpiration from plant 
leaves, Tp. These two quantities are determined by climatic variable and surface parameters i.e. Leaf Area 
Index, LAI, surface albedo, r, and  crop height, hc. Hence, for given climatic conditions, the spatial 
distribution of the evaporative fluxes is related to soil surface parameters and Leaf Area Index.  
Several studies have shown the possibility of detecting biophysical parameters of land cover, such as 
LAI, biomass density and canopy roughness, from remote sensing data with different spatial and temporal 
resolution. In particular, the surface reflectance in different bands of visible and infrared spectrum can be 
related to the Leaf Area Index. Semi-empirical models have been developed and tested for the retrieval of 
LAI from satellite reflectance values; similar approaches have been applied for deriving the surface 
albedo and the crop height [16].  
A procedure has been defined for deriving daily maps of the potential evaporation and transpiration 
from Earth Observation data, in combination with ground-based climatic data [17, 18]. Maps of Es,p and 
Tp are successively used to set the upper boundary condition of the soil water flow model, applied in a 
semi-distributed way, by considering elementary units represented by homogeneous area of soil and 
canopy conditions. Thus, Earth Observation data allow for identifying in a reliable way the spatial and 
temporal variability of crop development, which information provides a significant enhancement in the 
accuracy of simulation of water flows in the soil-plant-atmosphere system. The coupling of soil water 
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model with remote sensing improves our ability to predict the distribution of irrigation demand. Three 
different levels of complexity have been defined in the combined use of E.O. data and models: a) 
satellite-based estimation of crop water requirements [14, 15]; b) incorporation of E.O. data for input and 
validation of S-P-A models applied in distributed form [19, 20, 21, 22]; c) integrated approach based on 
E.O. data, S-P-A models and hydraulic simulation of irrigation distribution networks [23]. The first two 
approaches have been applied and tested in several irrigation districts and have contributed to the 
definition of operational methods for supporting irrigation scheduling. The third approach has led to the 
development of a Decision Support System for irrigation schemes described in the next section. 
The spectral regions of thermal infrared and microwaves have been explored for monitoring 
respectively actual evapotranspiration and soil moisture. Synthetic aperture radar imageries operating at 
L, C and X bands have been utilized for assessing the spatial distribution of surface soil moisture content 
by means of semi-empirical approaches [24, 25]. The application of surface energy balance techniques to 
complex canopy-root systems has been recently investigated with satellite and airborne thermal scanners. 
Both these techniques are seen as promising avenues for the validation of distributed S-P-A models in 
irrigated areas; for this reason, several international collaboration have been developed in this field [26, 
27, 28, 29].  
2.3. Pipeline networks for irrigation and Decision Support Systems (DSS) 
Improving the efficiency of irrigation systems is an objective of primary importance for the rational 
use of water resources in agriculture. Irrigation consumes the greatest percentage of water withdrawals, 
estimated as not less than about 60% in the industrialized countries of the Mediterranean. Therefore, a 
key issue is the improvement of the overall efficiency of the irrigation systems, being now evaluated on 
average only to about 45%. The study of the hydraulics in pressurized irrigation pipeline networks in 
Portici has mainly focused on the following issues: (i) simulation of transient flow phenomena; (ii) 
characterization and standardization of valves; (iii) decision support systems for irrigation management 
[30, 31, 32, 33]. 
Along with “infiltration into soil”, “hydraulic transients in closed conduits” is definitely a topic which 
has receiving more contributions in the scientific literature. Issues concerning the hydraulic transients in a 
pipeline network show specific features when applied to irrigation systems. The evaluation of water 
hammer phenomena caused by the presence of a pumping station or by the operations of control devices 
(such as, for example, delivery devices, flow regulating valves, pressure regulators, etc.) makes the design 
of an irrigation system network particularly challenging. Very effective and elegant were the solutions 
and the computer codes developed by Santini [30, 33] to solve hydraulic transient problems in complex 
network with a pumping station. 
The far-reaching development in the last decades of pressure water distribution has helped to spread 
multi-purpose, increasingly complex and costly water supply systems. To ensure efficient management of 
such systems it is desirable, when possible, to coordinate a large variety of checking and control 
parameters by means of electronic equipment well suited to performing the supervision and remote 
control tasks. However, it has become soon evident that along with comprehensive mathematical models 
for transient flow in pressurized pipelines, there has been a considerable growing of interest in achieving 
an in-depth understanding of the hydraulic characteristics of flow-regulating devices used in the 
networks. Laboratory investigations have been carried at by the Portici group aiming to assess the flow 
parameters of a variety of valves (e.g. needle valves) and control devices (e.g. water meters, electric 
control valves, flow limiters) as well as to develop methods helping to predict whether the equipment is 
operating free of cavitation phenomena [33, 34]. 
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The third topic can be viewed as a sort of synthesis of the previous topics and is based on the 
conjunctive use of hydraulic and hydrologic simulation models along with remote sensing, in order to 
provide an integrated description of the operating conditions of an on-demand irrigation system. The 
research carried out in this field by D’Urso [35] has led to the development of a Decision Support System 
based on the spatial and temporal variability of farmers’ water demand and on the structural capability of 
the irrigation network to fulfill such demand on a daily basis. The spatial distribution of irrigation 
volumes, as determined by using the methods previously described in section 2.2, is translated in many 
possible network flow rate configurations. The hydraulic verification of the pipeline network can be 
performed starting from the heaviest condition, i.e. simultaneous  operation of all the outlets demanding 
water. In case of malfunctioning, alternative flow rate configurations can be identified, which should be 
compatible with the actual hydraulic capacity of the pipeline network [36]. 
3. Soil Hydrology 
Characterization of soil hydraulic behavior requires knowledge of the complex and nonlinear 
relationships between soil-water suction head, h (i.e. the absolute value of matric pressure head, with 
dimension of L), volumetric water content, θ (with dimensions of L3L-3), and hydraulic conductivity, K 
(with dimensions of LT-1). These relationships are commonly encompassed within the so-called soil 
hydraulic properties, namely the soil water retention function, θ(h), and the hydraulic conductivity 
function, K[θ(h)]. The soil hydraulic properties are key functions of the parabolic, partial differential 
Richards equation (1) that is usually assumed to govern water movement in the vadose zone at local scale, 
but a modern soil hydrology view would suggest to employ these functions even to compute the water 
budget in the soil-plant-atmosphere system by simplified models, such as bucket models [37, 38]. 
3.1. Determination of soil hydraulic response: Direct and optimization methods 
Early studies were carried out by A. Santini in the '70s on determining the soil hydraulic response 
involved field tests for infiltration [39] and laboratory experiments using either one or dual gamma-ray 
equipment [40]. 
The soil water retention and hydraulic conductivity functions are described by analytical relationships 
with a number of unknown parameters being estimated using either direct methods or inversion 
techniques. 
Although introduced by Gardner [41], the idea of determining the soil hydraulic properties by using 
evaporation data in an instantaneous profile type procedure was pursuit by Wind [42]. Ciollaro and 
Comegna [43, 44] not only made the various computation steps of this method even more effective, but 
was the first – as far as we are concerned – to employ the evaporation tests on several soil cores to 
characterize the spatial variability of the soil hydraulic properties in two field plots 3,000 m2 [45]. 
Direct methods commonly employed to determine soil hydraulic parameters are generally not carried 
out easily. Experiments based on these methods often need several stages of steady-state or equilibrium 
conditions to be reached or require rather restrictive initial and boundary conditions to be imposed in 
performing a transient flow test. This makes such methods labour-intensive, time-consuming, and 
expensive. Parameter identification using inverse modeling is now popular in vadose zone hydrology for 
determining selected unknown hydraulic parameters of the soil water retention and hydraulic conductivity 
functions. Evaporation and multi-step outflow tests on soil cores are common experiments carried out in 
the laboratory, whereas tension infiltrometer or the unsteady drainage-flux method are often used to 
hydraulically characterize soils under field conditions [46, 47, 48, 49, 50]. 
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Santini and Ciollaro [51] used the information collected during evaporation tests as input data for 
estimating the soil hydraulic properties by a parameter estimation approach. Some further development 
and a better understanding of this inverse method was then made by Romano and Santini [52], who 
suggested that a better parameter identification can be obtained by decoupling the water retention relation 
from that one describing the unsaturated hydraulic conductivities (e.g. using the van Genuchten water 
retention relation, but the Brooks and Corey hydraulic conductivity relation) and also performed 
sensitivity analyses together with response surfaces. Ciollaro and Romano [53] and Comegna et al. [54] 
successfully applied the inverse evaporation method to determine the spatial variation exhibited by the 
soil properties in a typical volcanic soil of Vesuvius area. Regarding an in-situ inverse method, Santini 
and Romano [37] have provided insights for an optimal design of the field drainage experiment and 
explored the feasibility to simplify the experimental procedures while maintaining acceptable parameter 
identification and uncertainty. They also proposed to reduce the number of soil water content and matric 
head measurements within a uniform soil profile. To overcome limitations regarding the condition being 
posed at the lower boundary of the soil profile, which actually can be difficult to identify in a field 
experiment, in a study of soil spatial variability Romano [55] investigated the effectiveness of defining a 
fixed hydraulic head gradient and the possibility of including it as an additional optimization parameter 
value. Nowadays, optimization methods for inversely determining the soil hydraulic parameters have 
reached a certain maturity and are quite a standard procedure even embedded in well-known computer 
programs [56, 50]. 
3.2. Determination of soil hydraulic properties: Simplified techniques 
The measurement of soil hydraulic properties with either direct methods or parameter optimization 
approaches is in general not easy and usually restricted to small-scale studies. This is especially true for 
the measurements of soil hydraulic conductivity that not only shows a complex nonlinear dependence on 
matric pressure head, but also spans several orders of magnitude as soil conditions vary from saturation to 
dryness. Efficient and cheap means of providing hydrological models with such information are 
procedures based on pedotransfer functions (PTFs) that estimate soil hydraulic parameters from easily 
measurable or already available soil physical data (see the book edited by Pachepsky and Rawls [57] for 
more detailed information). Simplified methods are effective when one has to characterize a relatively 
large land area. Romano and Santini [58] were probably the first who carried comparisons between 
measured and PTF-estimated properties for evaluating the potential of PTFs to better identify the 
structure of their spatial variability along a transect. The method of Arya and Paris for estimating the soil 
water retention function from the particle distribution has been improved by D’Urso and Basile [59] in 
order to incorporate information from accurate laboratory characterization in representative profile of 
mapping units. The modified method allows for characterizing soil water retention function for a mapping 
unit on the basis of random sampling surveys within the same unit [60]. Improving the predictive 
performance of PTFs by incorporating ancillary environmental attributes as independent variables in 
PTFs is a different issue that has been addressed by Romano and Palladino [61] and Romano and Chirico 
[62], who also pointed out that a simplified technique may produce information with some loss of 
contents that tends to obscure the actual spatial dependence and results in unsound maps of soil hydraulic 
variables. 
The relatively huge amount of good quality data on soil physical and hydraulic properties measured 
during these last four decades at the Laboratory of Soil Hydrology of University of Naples Federico II 
have fed the setting-up soil databases, like UNSODA or HYPRES at European scale. At present, the 
Portici’s group is involved in the setting-up of the new HYDI database for developing upgraded PTFs at 
European scale; new experimental investigations – both in laboratory and field conditions, are being 
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carried out with Basilicata University (Potenza) for the hydraulic characterization of expansive clay soils  
[63]. 
3.3. Issues of spatial variability – Scaling techniques 
The difficulties in determining the soil hydraulic properties are partly exacerbated by the spatial and 
temporal variability of these properties. The variability is significant at all scales of interest, making it 
extremely difficult to capture flow behavior at one particular scale, whether it is the scale of single soil 
pores or the catchment scale. In most practical cases, spatial and temporal variability has been shown to 
dominate many hydrological processes [64, 65, 66] 
Since the input variables defining a selected PTF, namely the soil physical and chemical properties, are 
observed only in a limited number of locations of the study area, the assessment of the input variables at 
the unsampled locations can be achieved only by interpolation, a procedure affected by uncertainty. 
Chirico et al. [67] explored the uncertainty in PTF model predictions at the hillslope scale due to the error 
in the estimated soil physical and chemical properties at unsampled locations and to the PTF model error, 
including both model structure and parameter errors. This study was then extended by Chirico et al. [68] 
to account for a functional perspective to assess how modeling of the soil water balance is affected by the 
PTF prediction uncertainty at the scale of a hillslope. 
Because soils are inherently spatial variable, extrapolation of hydraulic properties from measurements 
at the local scale to larger spatial scales such as  hillslopes and catchments is often problematic. Spatial 
upscaling from local to larger scales requires integration and aggregation of spatial soil information into 
larger units. However, for the purpose of using soil information towards hydrological modeling, one must 
focus on the relevant soil properties only, since spatial patterns of soil properties may be different from 
the functional organization of soil hydrological processes that are partially determined by landscape 
position and land-use [62]. A contribution to a more advanced parameterization of a hydrologic system 
was provided by Ciollaro and Comegna [43] and recently by Nasta et al. [69], who suggested identifying 
geometrically similar soils that are characterized by lognormal distributed scaling factors and effective 
reference water retention functions. 
4. Solute transport in soil and reusing marginal water in irrigation 
Non-point source pollution of the environment represents a problem of global concern. Non-point 
sources are defined in the environmental literature as sources of pollutants of large areal extents. A typical 
example is the one of pesticides or fertilizers which are applied over large agricultural fields and may 
reach the aquifers due to the water supply (such as rainfall and/or irrigation). Compared to the source-like 
pollution, such a type of pollution mainly differs because of the areal size of the source. Usually it is 
characterized by low concentration values, which nevertheless cause chronic health effects. Non-point 
source pollution of soils and subsurface water resources is the consequence of many human activities 
among which agriculture is undoubtedly one of the most important. This poses a dilemma since in order 
to meet the continuous food demands, it appears inevitable to affect the environmental systems via non-
point source pollution [70]. Although the importance of such an issue, only in the past decades the 
attention of the public and scientific community has shifted to the non-point source pollution of soil and 
subsurface water resources, owing to the growing reliance upon groundwater as a water supply for 
drinking and agriculture uses. The expensive and onerous (although not impossible at all) task of cleaning 
up non-point sources has strongly attracted the public attention upon the need to protect the 
environmental resources. 
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4.1. Solute transport in soil 
The vadose zone of Earth is a complex physical, chemical and biological ecosystem, regulating the 
transit of pollutants (mainly of agricultural origin) from the release zone to groundwater. Both soil and 
groundwater are tremendously affected by the presence, and the accumulation of pollutants. In particular, 
the increasing salinity due to redistribution periods and the accumulation of heavy metals in soil can 
significantly reduce the soil fertility, and therefore the crop production, as shown by Severino and Santini 
[71, 72, 73]. To the other side, solutes such as nitrates and pesticides, once into the groundwater supplies, 
can degrade a significant source of drinking and irrigation water. As a consequence, the ability to model 
in real time the spatial distribution of non-point source pollutants, and their fate in the vadose zone is a 
key issue to preserve the delicate balance between crop productivity, and the need of protecting the 
environmental resources. 
Assessing the environmental impact of non-point source pollutants involves the knowledge of the 
concentration distribution. Major progresses in non-point source pollution have been obtained through 
numerous studies aiming to set up mathematical tools, but computer modeling of such a complex issue 
runs numerous difficulties when trying to cast it into complete theoretical framework. One of the main 
reasons is the occurrence of complex phenomena involving filtration of liquids carrying dissolved as well 
as suspended chemicals which may interact among them, and with respect to the soil matrix [74]. These 
chemicals, whose toxicity may render them hazardous [75, 76], may remain in the root zone due to their 
poor mobility, or significantly move towards deeper layers depending on several chemical and 
hydrological aspects. 
To deal with these issues, two main approaches have been developed: i) the transfer function, and ii) 
the physical approach. The former approach basically involves the measurement of the breakthrough 
curve resulting from a narrow pulse input (for details, see e.g. [77]). Despite the power of the transfer 
function, there are some caveats. For example, the superposition principle (convolution) provides only an 
integral description of transport from the soil surface to the reference depth, whereas there are no 
provisions for extrapolating to different depths. This is possible, however, if the underlying transport 
process is known, e.g., after it has been identified as stochastic convection by showing that the transfer 
functions measured at different depths obey some "scaling-law" [78]. For these reasons, the physical 
approach has been widely used by soil hydrologists. The Physical Approach comprises two major 
avenues: (i) the classical, and (ii) stochastic analysis. Traditionally, the fictitious hydraulic properties are 
obtained by conducting large scale tests, and subsequently applying inverse procedures to identify their 
values [79]. Alternatively, values from many soil cores can be averaged to represent the fictitious 
properties [54]. These fictitious properties are then used as input parameters for equation the CDE to 
predict transport of solutes in vadose zone. The heterogeneous approach, on the other hand, visualizes the 
vadose zone as a collection of many elements with different properties. The properties of each element 
are derived from the available data [77]. 
4.2. Reusing marginal water in irrigation 
In recent years, demand for water has increased worldwide and many Countries are currently facing 
water shortages or forecasting future water resource scarcity. This is particularly relevant to 
Mediterranean Areas. Indeed, a number of Mediterranean Countries regularly experience severe water 
supply and demand imbalances, particularly in the summer months. Due to resource scarcity, agricultural 
activities are especially penalized, while higher priority demands are satisfied. Notice should be taken that 
Italy has high agricultural use of water resources (about 50% of total abstraction). Wastewater use for 
irrigation has the largest field of application because it usually offers some attractive environmental and 
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socio-economic benefits, mainly due to the reduction in effluent disposal in receiving water bodies, 
nutrient recovery as fertilizers, and improvements in crop production during the dry season. 
Benefits apart, it is indispensable that planners be aware of the potential disadvantages of wastewater 
reuse for irrigation which are, aside from the pathogenic contamination of irrigated crops, mainly related 
to its chemical composition being somewhat different from most natural waters used in irrigation. Urban 
wastewaters generally contain high concentrations of suspended and dissolved solids, both organic and 
inorganic (e.g. chloride, sodium, boron and selected heavy metals) added to wastewater during domestic 
and industrial usage. Most of the salts added are only partially removed during conventional sewage 
treatment (secondary and tertiary) so they remain in the irrigation water. Soil porosity and, consequently 
hydrological properties are especially sensitive to wastewater compounds. Indeed, a number of 
researchers evidenced hydraulic conductivity reductions in soil undergoing wastewater irrigation [80, 
81].Changes in soil hydraulic behavior obviously have direct effects on soil suitability for cultivation. 
There are also predictable effects on the transport properties of soils, which are related to solute transfer 
times. The different mobility of solutes may induce, or at least promote, the formation of zones where 
some substances accumulate or, by contrast, facilitate the leaching of solutes towards the aquifer. All the 
possible mechanisms described may be more or less decisive with regard, for example, to soil texture and 
porosity, clay content and mineralogical composition, depth of the profile, the presence of organic matter, 
water quality in terms of sodium adsorption ratio (SAR), total dissolved solids (TDS). The role played by 
each of the above factors is actually the result of complex interactions with all the others and, as such, is 
difficult to interpret. By contrast, on integrating all the possible physical, chemical and biological 
mechanisms involved and their interactions, the hydrological behavior of soils provides the key to 
interpreting the processes in question. The soil characteristics to be taken into account are the water 
retention and the hydraulic conductivity functions, as well as the hydro-dispersive properties, which 
jointly define the hydrological behavior of soils. All these properties are directly correlated to the 
geometry of the porous medium, the soil property mainly affected by wastewater application. 
To quantify the effects that complex chemical and physical interactions between soil and wastewaters 
may have on soil hydrological behavior, a monitoring program was carried out by the Portici’s group in 
the laboratory on large undisturbed soil columns (profile scale). Soil hydraulic and solute transport 
properties were determined before and after application of wastewater by investigating transient 
infiltration and steady state solute transport processes through soil profiles. The study is part of a 
multidisciplinary research aiming to ascertain the consequences of urban wastewater reuse in irrigation 
practices on soils in southern Sardinia, where agriculture recycling might involve about 40 Mm3/year. 
The applicability of the achieved results has been acknowledged through several Italian research projects. 
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